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1
MOTOR

TECHNICAL FIELD

The present invention relates to a motor using ball bear-
ings.

BACKGROUND ART

In an electric motor or the like using a ball bearing, reduc-
ing noise generated by the ball bearing is a particularly impor-
tant subject. Hereinafter, the ball bearing is referred to simply
as the bearing. As one of the conventional means for reducing
such noises, Patent Literature 1 proposes a motor featuring a
reduced noise that is achieved by suppressing its backlashes
which is caused by a bearing in the direction of'its rotary shaft,
for example.

An outline of the means applied to conventional motors
will be described with reference to FIG. 7. FIG. 7 is an
enlarged cross-sectional view of a principal part of a conven-
tional motor. As shown in FIG. 7, rotor 28 is equipped with
core 24 and rotary shaft 23 fixed to core 24. Bearing 21 is
attached to the end portion on the yoke 29 side of rotary shaft
23.

Bearing 21 includes inner ring 21a, outer ring 215, and
balls 21¢. Outer ring 215 included in bearing 21 is pressed to
fit into bearing holding part 294 included in yoke 29, and is
held there. Inner ring 21a included in bearing 21 is fitted onto
rotary shaft 23 with a gap therebetween. Between core 24
included in rotor 28 and inner ring 21a included in bearing 21,
rotary shaft 23 is inserted into washer 22.

Washer 22 is disposed, with the washer being compressed
in the axial direction of rotary shaft 23. In FIG. 7, the axial
direction of rotary shaft 23 is the up-and-down direction of
the figure. Inner ring 21a is applied with downward bias force
Fa by washer 22, as shown in FIG. 7. Over the entire perimeter
of'a surface where washer 22 is in contact with inner ring 21a,
inner ring 21a is uniformly applied with bias force Fa by
washer 22. Bias force Fa applied by washer 22 pressurizes
inner ring 21a included in bearing 21, in the axial direction.
This pressurization eliminates gaps between inner ring 21a
and balls 21¢ and gaps between balls 21¢ and outer ring 215.
As a result, the noise due to the backlashes of bearing 21 is
suppressed, and the lifetime of bearing 21 is lengthened.

CITATION LIST
Patent Literature

PTL 1: Japanese Patent Unexamined Publication No.
2000-308305

SUMMARY OF THE INVENTION

A motor according to the present invention includes a rotor,
a bearing, a pressurizing spring, and a yoke. The rotor
includes a core and a rotary shaft fixed to the core, and the
rotary shaft has the axial center of the core as an axial center
thereof. The bearing includes an inner ring having an upper
end surface in the direction in which the core is located, an
outer ring, and balls located between the inner ring and the
outer ring. The pressurizing spring, into which the rotary shaft
is inserted, is located between the core and the bearing, and
provides a bias force in the axial direction of the rotary shaft.
The yoke includes a bearing holding part to hold the bearing.
The yoke rotatably holds the rotor via the bearing.
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The outer ring is pressed to fit into the bearing holding part.
The inner ring is fitted onto the rotary shaft with a gap ther-
ebetween. The inner ring is in contact with the pressurizing
spring at the upper end surface of the inner ring. The pressur-
izing spring applies different bias forces to the upper end
surface.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross-sectional view of a motor according to a
first embodiment of the present invention.

FIG. 2 is an enlarged cross-sectional view of a principal
part of the motor.

FIG. 3 is a perspective view of a washer of the motor.

FIG. 4 is a plan view of the washer of the motor.

FIG. 5 is a conceptual cross-sectional view taken along line
5-5 of FIG. 3.

FIG. 6 is another conceptual cross-sectional view taken
along line 6-6 of FIG. 3.

FIG. 7 is an enlarged cross-sectional view of a principal
part of a conventional motor.

DESCRIPTION OF EMBODIMENTS

The present invention is intended to provide a motor,
according to embodiments to be described later, in which a
bearing is pressurized appropriately. The pressurization
reduces noise and vibration of the motor which are generated
by the bearing.

In other words, conventional motors have had the follow-
ing problem. That is, in the motor described in Patent Litera-
ture 1, for example, an inner ring included in its bearing is
fitted onto its rotary shaft with a gap therebetween. Over the
entire perimeter of a surface where the washer is in contact
with the inner ring, the inner ring is uniformly applied with
bias force Fa by the washer. Accordingly, a slight gap exists
between the outer peripheral surface of the rotary shaft and
the inner peripheral surface of the inner ring. The gap is
shown in FIG. 7, indicated by gaps d1 and d2.

Here, when the rotary shaft’s cross-section orthogonal to
the axial direction is arranged to be eccentric, the gap
becomes nonuniform. Accordingly, the outer peripheral sur-
face of the rotary shaft and the inner peripheral surface of the
inner ring are in sliding contact with each other. Therefore,
the noise and vibration accompanying the rotation of the rotor
cannot be suppressed sufficiently.

Hereinafter, detailed descriptions will be made regarding
embodiments of the present invention, which exhibit particu-
larly outstanding advantages, with reference to the accompa-
nying drawings.

It is noted, however, that the following descriptions are
nothing more than examples for embodying the present
invention, and are in no way intended to limit the technical
scope of the invention.

First Exemplary Embodiment

A configuration of a motor according to a first embodiment
of the present invention will be described, with reference to
FIGS.1to 6.

FIG. 1 is a cross-sectional view of the motor according to
the first embodiment of the invention. FIG. 2 is an enlarged
cross-sectional view of a principal part of the motor. FIG. 3 is
a perspective view of a washer of the motor. FIG. 4 is a plan
view of the washer of the motor. FIG. 5 is a conceptual
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cross-sectional view taken along line 5-5 of FIG. 3. FIG. 6 is
another conceptual cross-sectional view taken along line 6-6
of FIG. 3.

As shown in FIG. 1, motor 1 according to the first embodi-
ment of the present invention includes rotor 8, bearing 11,
washer 12 serving as a pressurizing spring, and yoke 9.

Rotor 8 includes core 4, and rotary shaft 3 fixed to core 4,
and the rotary shaft has the axial center of'the core as an axial
center thereof. Bearing 11 includes inner ring 114 having an
upper end surface in a direction where core 4 is located, outer
ring 115, and balls 11c¢ located between inner ring 11a and
outer ring 115. Washer 12, which serves as the pressurizing
spring, and into which the rotary shaft 3 is inserted, is located
between core 4 and bearing 11. Washer 12 provides a bias
force in the axial direction of rotary shaft 3. Yoke 9 includes
bearing holding part 94 to hold bearing 11. Yoke 9 rotatably
holds rotor 8 via bearing 11.

As shown in FIG. 2, outer ring 115 is pressed to fit into
bearing holding part 9a, Inner ring 11a is fitted onto rotary
shaft 3 with gap 15 therebetween. Inner ring 114 is in contact
with washer 12 serving as the pressurizing spring at upper end
surface 11d of inner ring 11a. Washer 12 serving as the
pressurizing spring applies different bias forces to upper end
surface 11d.

With this configuration, inner ring 11a is slightly inclined
relative to rotary shaft 3, so that the inner peripheral surface of
inner ring 11a is in partial contact with the outer peripheral
surface of rotary shaft 3. That is, washer 12 applies the bias
forces to inner ring 11a, resulting in the inclination of inner
ring 11a, which causes inner ring 11a to be pressed against
rotary shaft 3 by a predetermined force. Therefore, the posi-
tional elation between inner ring 11a and rotary shaft 3
becomes stable.

This prevents the inner peripheral surface of inner ring 11a
and the peripheral surface of rotary shaft 3 from being in
sliding contact with each other. Therefore, the noise is elimi-
nated which is caused by the sliding contact between the inner
peripheral surface of inner ring 11a and the outer peripheral
surface of rotary shaft 3.

Moreover, washer 12 pressurizes inner ring 11a. The pres-
surization to inner ring 11a suppresses backlashes of bearing
11 in the axial direction. That is, such the appropriate pres-
surization to inner ring 11a allows the motor capable of
reducing the noise and vibration attributed to bearing 11.

A further description will be made in more detail.

Note that, in the following descriptions, the direction from
the rotor toward a bracket is designated as a direction toward
the output side of the rotary shaft. The direction from the rotor
toward the yoke is designated as a direction toward the oppo-
site output side of the rotary shaft.

As shown in FIG. 1, motor 1 according to the first embodi-
ment of the present invention includes rotor 8 described in the
following explanation. That is, rotor 8 includes core 4, wind-
ing 2, rotary shaft 3, and commutator 7.

Core 4 has a substantially circular-arc shape, and includes
aplurality of slots. Winding 2 is wound and accommodated in
the slots. Rotary shaft 3 is fixed, penetrating core 4 in the axial
direction. Commutator 7 is fixed to rotary shaft 3. With com-
mutator 7, end portions of winding 2 are electrically coupled.

Rotor 8 is rotatably accommodated in yoke 9 having a
cylindrical shape. Yoke 9 has the hollow cylindrical shape
with a bottom portion. To the inner peripheral surface of yoke
9, a plurality of permanent magnets 13 are firmly fixed. To the
open end of' yoke 9, bracket 10 is attached. Yoke 9 and bracket
10 constitute a case.

Yoke 9 includes bearing holding part 9a at the center of the
bottom portion of the yoke. In bearing holding part 9a, bear-

20

40

45

50

65

4

ing 11 on the opposite output side is held. On the other hand,
in bearing holding part 10a included in bracket 10, bearing 6
on the output side is held. Rotary shaft 3 is rotatably held to
the case with two bearings 6 and 11.

Bearing 11 includes inner ring 11a, outer ring 115, and
balls 11c¢ that are inserted between inner ring 11a and outer
ring 115. Outer ring 1154 is pressed to fit into bearing holding
part 9a formed in a cylindrical shape in yoke 9, and is held
there. Inner ring 11a is fitted onto rotary shatt 3 with gap 15
therebetween such that the inner ring 11a is movable in the
axial direction of rotary shaft 3. On the output side of rotary
shaft 3, outer ring 65 included in bearing 6 is pressed to fit into
bearing holding part 10a and is held there.

Bracket 10 includes brush holders 14. Brush holders 14 are
attached such that brushes 5 are movable and in sliding con-
tact with commutator 7. A load is coupled with the output side
of rotary shaft 3. A drive current flows to rotor 8 via brushes
5 to rotate rotor 8. The rotation of rotor 8 rotates and drives the
load that is coupled with the output side of rotary shaft 3.

Between core 4 included in rotor 8 and inner ring 11a
included in bearing 11, there exists washer 12 inserted onto
rotary shaft 3. Washer 12 is the pressurizing spring. Washer 12
is attached in a state of being compressed in the axial direc-
tion. Washer 12 applies the bias forces acting on inner ring
11aq, in the direction along the axial direction.

Here, a description will be made regarding a specific
example of the washer serving as the pressurizing spring that
plays an important role in the motor according to the first
embodiment of the present invention.

As shownin FIG. 2, core 4 includes lower end surface 4a in
the direction in which bearing 11 is located.

As shown in FIGS. 2 to 6, washer 12 includes inner-ring
portion 124, outer-ring portion 124, and connecting portions
12e, 12f, and 12g.

As shown in FIG. 2, inner-ring portion 124 is in contact
with upper end surface 114 included in inner ring 11a at
bearing-side surface 12m of inner-ring portion 12a. Outer-
ring portion 125 is in contact with lower end surface 4a
included in core 4 at core-side surface 12z of the outer-ring
portion 125. Each of connecting portions 12e, 12/, and 12g
has an elastic force. Each of connecting portions 12e, 12, and
12¢g couples inner-ring portion 124 to outer-ring portion 125.
In washer 12, a plurality of connecting portions 12¢, 12/, and
12g is formed.

As shown in FIG. 4, inner-ring portion 12a is coupled with
connecting portions 12e, 12f; and 12g at inner-side connect-
ing positions Pea, Pfa, and Pga, respectively. Outer-ring por-
tion 125 is coupled with connecting portions 12¢, 12f, and 12g
at outer-side connecting positions Peb, Ptb, and Pgb, respec-
tively.

With this configuration, stress applied on washer 12 is
distributed among the plurality of connecting portions 12e,
12f, and 12g. Therefore, a degree of flexibility in pressuriza-
tion provided by washer 12 can be made larger. In other
words, by changing the widths of connecting portions 12e,
12f, and 12g, a wider range of the stresses become applicable.
The larger degree of the flexibility in the pressurization pro-
vided by washer 12 makes it possible to use washers 12,
which are manufactured under the same specifications, in
motors having a large size to a small size.

A more specific description will be made regarding the
washer used in the motor according to the first embodiment of
the present invention. In the plurality of the connecting por-
tions, the elastic force of at least one of the connecting por-
tions is different in strength from the elastic forces of the other
connecting portions.
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As shown in FIGS. 3 and 4, connecting portions 12e, 12f,
and 12g are formed of band-like bodies 12/, 12/, and 12k
having constant widths of We, W{, and Wg, respectively. For
example, width Wg of band-like body 12% that forms con-
necting portion 12g, i.e. at least one of the connecting por-
tions, is different from widths We and W1 of band-like bodies
12/ and 12/ that form connecting portions 12e¢ and 12f; i.e. the
other connecting portions, respectively.

Alternatively, as shown in FIG. 5, connecting portions 12e,
12/, and 12g are formed of band-like bodies 12/, 12/, and 12k
having constant thicknesses of Te, Tf, and Tg, respectively.
For example, thickness Tg of band-like body 124 that forms
connecting portion 12g, i.e. at least one of the connecting
portions, is different from thicknesses Te and Tt of band-like
bodies 12/ and 12; that form connecting portions 12¢ and 127,
i.e. the other connecting portions, respectively.

With this configuration, such a simple configuration of
washer 12 allows the bias forces of different strengths which
are applied along the circumferential direction of the inner
ring included in the bearing.

Next, a description will be made regarding the shape of a
washer which provides more outstanding advantages.

As shown in FIGS. 3 and 4, the plurality of inner-side
connecting positions Pea, Pfa, and Pga are located at substan-
tially regular intervals along the circumferential direction
with the rotary shaft as a center, in a first orthogonal plane
orthogonal to the axial direction of the rotary shaft. The
plurality of outer-side connecting positions Peb, Ptb, and Pgb
are located at substantially regular intervals along the circum-
ferential direction with the rotary shaft as a center, in a second
orthogonal plane orthogonal to the axial direction of the
rotary shaft.

For example, inner-side connecting position Pea and outer-
side connecting position Peb form a pair, and are both ends of
connecting portion 12¢ which is one of the connecting por-
tions. Such inner-side connecting position Pea and outer-side
connecting position Peb are located in a twisted manner at a
predetermined angle 6 therebetween, along the circumferen-
tial direction with the rotary shaft as the center, in the first and
second orthogonal planes, respectively.

This configuration allows washer 12 to be made more
compact. In addition, washer 12 can be made to have the
appropriate elastic force.

Hereinafter, a further detailed description will be made
regarding the specific configuration of washer 12. It is noted,
however, that FIG. 2 is a view to schematically illustrate the
principal part of the motor according to the first embodiment
of the present invention, for easy understanding of the
description.

As shown in FIG. 2, washer 12 includes inner-ring portion
12a, outer-ring portion 125, and, connecting portions 12e,
12/, and 12g. Inner-ring portion 12a comes into contact with
upper end surface 114 of inner ring 11a included in bearing
11. Outer-ring portion 126 comes into contact with lower end
surface 4a of core 4 included in rotor 8. Three connecting
portions 12e, 12f, and 12g each couple inner-ring portion 12a
to outer-ring portion 125. Three connecting portions 12e, 12,
and 12g each have the elastic force. As shown in FIG. 4,
connecting portions 12e, 12f; and 12g are formed of band-like
bodies 124, 12/, and 12k which have constant widths of We,
WH, and Wg, respectively.

Inner-ring portion 12a and outer-ring portion 124 are
formed concentrically, with the center of washer 12 as their
common center. In the absence of an external force, that is, in
the state of washer 12 not being shrunk in the up-and-down
direction, outer-ring portion 124 is lifted toward the output
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side by a predetermined distance relative to inner-ring portion
124, which is caused by connecting portions 12e, 12/, and
12g.

In this way, inner-ring portion 12a and outer-ring portion
125 are coupled with each other via three connecting portions
12e, 12f, and 12g. This allows the stress applied on washer 12
to be distributed among connecting portions 12e, 12f; and
12g. Therefore, the degree of flexibility in the pressurization
provided by washer 12 can be made larger. Such the larger
degree of flexibility in the pressurization provided by washer
12 makes it possible to use washers 12, which are manufac-
tured under the same specifications, in motors having a large
size to a small size.

As shown in FIG. 4, three connecting portions 12e, 12/, and
12g are coupled with inner-ring portion 12a at inner-side
connecting positions Pea, Pfa, and Pga, respectively. Inner-
side connecting positions Pea, Pfa, and Pga are disposed at
substantially regular intervals along the circumferential
direction of inner-ring portion 12a. In the same way, three
connecting portions 12e, 12f, and 12g are coupled with outer-
ring portion 125 at outer-side connecting positions Peb, Ptb,
and Pgb, respectively. Outer-side connecting positions Peb,
Pfb, and Pgb are disposed at substantially regular intervals
along the circumferential direction of outer-ring portion 125.
Here, for example, inner-side connecting position Pea and
outer-side connecting position Peb form a pair, and are Both
ends of connecting portion 12e which is one of the connecting
portions. Such the pair of inner-side connecting position Pea
and outer-side connecting position Peb are disposed at a
predetermined angle 6 therebetween along the circumferen-
tial direction.

With this configuration, connecting portion 12¢ has a
twisted, substantially S-shaped form. Accordingly, in washer
12, connecting portion 12e can be made to secure a predeter-
mined length, with the distance between inner-ring portion
12a and outer-ring portion 126 being kept small. Such the
predetermined length of connecting portion 12¢ allows con-
necting portion 12e to have an appropriate elastic force. This
also holds for connecting portions 12f'and 12g, i.e. the other
connecting portions. In accordance with this configuration,
washer 12 can be made to have the appropriate elastic force,
while being made compact.

In addition, as shown in FIG. 4, width Wg of connecting
portion 12g is configured to be smaller than widths We and
Wf of the other two connecting portions 12e and 12f; respec-
tively. With this configuration, connecting portion 12g has a
smaller elastic force than those of the other two connecting
portions 12e and 12f

Next, a description will be regarding other embodiments,
which exhibit outstanding advantages, of the washer serving
as the pressurizing spring used in the motor according to the
first embodiment of the present invention.

As shown in FIG. 3, washer 12 serving as the pressurizing
spring includes projection portion 12d that protrudes from the
outer periphery of outer-ring portion 125 in the direction
opposite to the core-side surface 12 side, i.e. in the direction
toward bearing-side surface 12m. Projection portion 124 may
be cylindrical.

With this configuration, outer-ring portion 125 has a larger
thickness, resulting in an increased strength of outer-ring
portion 125. The increased strength allows washer 12 serving
as the pressurizing spring to apply the stable bias forces to the
inner ring of the bearing, when the rotor rotates.

Moreover, a detailed description will be made with refer-
ence to the drawings.

As shown in FIGS. 2 and 3, outer-ring portion 125 includes
annular ring portion 12¢ and projection portion 12d. Projec-
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tion portion 124 is cylindrical and protrudes from the outer
periphery of annular ring portion 12¢ toward the opposite
output side in the axial direction of rotary shaft 3. Outer-ring
portion 124 is configured to have an L-shaped cross-section
along the axial direction of the rotary shaft. Such projection
portion 12d of outer-ring portion 124 allows an increased
thickness of outer-ring portion 124, in the direction along the
axial direction of the rotary shaft. In particular, the increased
thickness of the outer periphery of outer-ring portion 126
provides an advantage of an increased strength of outer-ring
portion 126. Consequently, because of the increased strength
of outer-ring portion 125, washer 12 is capable of stably
applying the bias forces to inner ring 11a, even when rotor 8
rotates.

As shown in FIG. 2, washer 12 configured as described
above is inserted between inner ring 11a and core 4, with the
washer being shrunk. Washer 12 applies the bias forces of
different strengths to inner ring 11a, along the circumferential
direction of inner ring 11q that is in contact with washer 12.

That is, the elastic forces of connecting portions 12¢ and
12fhaving the larger widths are stronger than that of connect-
ing portion 12g having the smaller width. Therefore, bias
forces Fb are each stronger than bias force Fc. Bias forces Fb
by inner-ring portion 12a acts on inner ring 11a at the sides
which inner-ring portion 12a is in contact with respective
connecting portions 12e and 12f, while bias force Fc by
inner-ring portion 12a acts on inner ring 11a at the side on
which inner-ring portion 12« is in contact with connecting
portion 12g.

As aresult, inner ring 11a is slightly tilted to and in contact
with rotary shaft 3. Therefore, the inner peripheral surface of
inner ring 11a comes into contact with the outer peripheral
surface of rotary shaft 3, at two locations designated as loca-
tion A and location B indicated by dotted lines in the Figure.
Inother words, distances d3 and d4 each become equal to zero
at locations A and B, respectively, where the d3 and d4 are
each a distance between the inner peripheral surface of inner
ring 11a and the outer peripheral surface of rotary shaft 3.

Then, the bias forces applied to inner ring 11a by washer 12
cause inner ring 11a to be tilted, which in turn causes the inner
peripheral surface of inner ring 11a to be pushed against the
outer peripheral surface of rotary shaft 3 by a predetermined
force. Therefore, the positional relation between inner ring
11a and rotary shaft 3 becomes stable.

As aresult, inner ring 11a and rotary shaft 3 are prevented
from being in sliding contact with each other. Therefore, the
noise attributed to such the sliding contact between inner ring
11a and rotary shaft 3 does not occur.

Moreover, as shown in FIG. 2, washer 12 used in the motor
according to the embodiment, pressurizes inner ring 11a via
bias forces Fb and Fc that act toward the opposite output side.
Such the pressurization applied to inner ring 11a eliminates
the gaps in the inside of bearing 11, that is, the gap between
inner ring 11a and balls 11¢ and the gap between outer ring
115 and balls 11c. Therefore, the noise and vibration in the
axial direction are suppressed which are caused by back-
lashes attributed to the gaps. In addition, this results in an
improved, lifetime of bearing 11.

As described above, according to the first embodiment, on
the plane where washer 12 is in contact with inner ring 11a,
inner ring 11a is applied with the bias forces of different
strengths by washer 12, along the circumferential direction
with the axial direction as a center. This causes inner ring 11a
to be tilted relative to rotary shaft 3, which in turn causes the
outer peripheral surface of rotary shaft 3 to be in contact with
parts of the inner peripheral surface of inner ring 11a. That is,
inner ring 11a is tilted and pushed against rotary shaft 3 by a
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constant force attributed to the bias forces applied by the
washer. Then, the positional relation between inner ring 11a
and rotary shaft 3 becomes stable. Therefore, this prevents the
inner peripheral surface of inner ring 11a from being in slid-
ing contact with the outer peripheral surface of rotary shaft 3.
As aresult, the noise is reduced which is attributed to such the
sliding contact. In addition, this prevents a decrease in life-
time of inner ring 11a and rotary shaft 3 due to the friction
therebetween.

Moreover, inner ring 11a is pressurized by washer 12
toward the opposite output side. The pressurization elimi-
nates the gaps included in bearing 11, i.e. the gap between
inner ring 11a and balls 11¢ and the gap between outer ring
115 and balls 11¢. Accordingly, the backlashes of bearing 11
in the axial direction are suppressed. That is, washer 12 used
in the motor according to the first embodiment of the present
invention is capable of reducing the noise and vibration
occurring in bearing 11, as well as capable of pressurizing
bearing 11 appropriately.

Note that, in the above descriptions, in washer 12 used in
the embodiment, inner-ring portion 12a and outer-ring por-
tion 125 are coupled with each other via three connecting
portions 12e, 12f; and 12g that each have the elastic force. In
particular, the embodiment is exemplified by the case where
connecting portion 12g, which is one of three connecting
portions 12e, 12f; and 12g, has the different elastic force from
those of the others. In order to obtain the same functional
advantages, the number of the connecting portions included
in the washer may be larger than three. Moreover, among the
plurality of the connecting portions included in the washer, at
least one of the connecting portions may have a different
elastic force from those of the other connecting portions.
Specifically, in the case of the washer having five connecting
portions, two of the connecting portions may have a different
force from those of the others, for example.

Moreover, in the above descriptions, in washer 12 used in
the embodiment, connecting portion 12g, which is one of
connecting portions 12e, 12f, and 12g, is made to have the
smaller width than those of the others. This is responsible for
the different elastic forces of connecting portions 12e, 12f,
and 12g. In order to obtain the same advantages, the thickness
of connecting portion 12g included in the washer may be
made smaller. In this case, as shown in FIG. 5, thickness Tg of
connecting portion 12g may be made uniformly smaller.
Alternatively, the connecting portion may include locally
smaller thicknesses, as indicated, by thicknesses Tgl and Tg2
shown in FIG. 6.

In other words, the washer used in the embodiment is only
required to have the configuration in which, in the plurality of
the connecting portions that each couple between the inner-
ring portion and the outer-ring portion, at least one of the
connecting portions has the elastic force different from those
of the others.

INDUSTRIAL APPLICABILITY

The present invention, being capable of effectively reduc-
ing noise and vibration that are caused by their bearings, is
useful especially for electric motors in which high quality is
required.

The invention claimed is:

1. A motor comprising:

a rotor including:

a core; and

arotary shaft fixed to the core, the rotary shaft having an
axial center thereof that coincides with an axial center
of the core;
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a bearing including:

an inner ring having an upper end surface in a direction
toward a location of the core;

an outer ring; and

balls between the inner ring and the outer ring;
a pressurizing spring, into which the rotary shaft is
inserted, located between the core and the bearing, for
applying a bias force in an axial direction of the rotary
shaft; and
ayoke including a bearing holding part to hold the bearing,
and rotatably holding the rotor via the bearing,
wherein the outer ring is pressed to fit into the bearing
holding part;
the inner ring is fitted onto the rotary shaft with a gap
therebetween, the upper end surface of the inner ring
being in contact with the pressurizing spring; and
the pressurizing spring applies the bias forces of different
strengths onto a contact surface of the upper end surface
being in contact with the pressurizing spring, along a
circumferential direction with the axial direction as a
center, and
wherein the core includes a lower end surface in a direction
toward a location of the bearing;
the pressurizing spring includes:
an inner-ring portion having a bearing-side surface in
contact with the upper end surface;

an outer-ring portion having a core-side surface in con-
tact with the lower end surface; and

aplurality of connecting portions each having an elastic
force and coupling the inner-ring portion with the
outer-ring portion,

the inner-ring portion is coupled with the plurality of con-
necting portions at a plurality of inner-side connecting
positions, respectively, and

the outer-ring portion is coupled with the plurality of con-
necting portions at a plurality of outer-side connecting
positions, respectively, and

wherein the elastic force of at least one of the plurality of
the connecting portions is different in strength from the
elastic forces of the other connecting portions.

2. The motor according to claim 1,

wherein each of the plurality of the connecting portions is
formed of a band-like body having a constant width, and

the width of the band-like body forming at least one of the
connecting portions is different from the widths of the
band-like bodies forming the other connecting portions.

3. The motor according to claim 2,

wherein the plurality of the inner-side connecting positions
are located at substantially regular intervals, along a
circumferential direction with the rotary shaft as a cen-
ter, in a first orthogonal plane orthogonal to the axial
direction of the rotary shaft,

the plurality of the outer-side connecting positions are
located at substantially regular intervals, along the cir-
cumferential direction with the rotary shaft as the center,
in a second orthogonal plane orthogonal to the axial
direction, and

each one of the plurality of the inner-side connecting posi-
tions and a corresponding one of the plurality of the
outer-side connecting positions, forming a pair and
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being both ends of a corresponding one of the plurality
of connecting portions, are located in a twisted manner
at a predetermined angle therebetween, along the cir-
cumferential direction with the rotary shaft as the center,
in the first and second orthogonal planes, respectively.
4. The motor according to claim 1,
wherein, each of the plurality of the connecting portions is
formed of a band-like body having a constant thickness,
and
the thickness of the band-like body forming at least one of
the connecting portions is different from the thicknesses
of the band-like bodies forming the other connecting
portions.
5. The motor according to claim 4,
wherein the plurality of the inner-side connecting positions
are located at substantially regular intervals, along a
circumferential direction with the rotary shaft as a cen-
ter, in a first orthogonal plane orthogonal to the axial
direction of the rotary shaft,
the plurality of the outer-side connecting positions are
located at substantially regular intervals, along the cir-
cumferential direction with the rotary shaft as the center,
in a second orthogonal plane orthogonal to the axial
direction, and
each one of the plurality of the inner-side connecting posi-
tions and a corresponding on of the plurality of the
outer-side connecting positions, forming a pair and
being both ends of a corresponding one of the plurality
of connecting portions, are located in a twisted manner
at a predetermined angle therebetween, along the cir-
cumferential direction with the rotary shaft as the center,
in the first and second orthogonal planes, respectively.
6. The motor according to claim 1,
wherein the plurality of the inner-side connecting positions
are located at substantially regular intervals, along a
circumferential direction with the rotary shaft as a cen-
ter, in a first orthogonal plane orthogonal to the axial
direction of the rotary shaft,
the plurality of the outer-side connecting positions are
located at substantially regular intervals, along the cir-
cumferential direction with the rotary shaft as the center,
in a second orthogonal plane orthogonal to the axial
direction, and
each one of the plurality of the inner-side connecting posi-
tions and a corresponding one of the plurality of the
outer-side connecting positions, forming a pair and
being both ends of a corresponding one of the plurality
of connecting portions, are located in a twisted manner
at a predetermined angle therebetween, along the cir-
cumferential direction with the rotary shaft as the center,
in the first and second orthogonal planes, respectively.
7. The motor according to claim 1, wherein the pressuriz-
ing spring further includes a projection portion protruding
from an outer periphery of the outer-ring portion toward a
direction opposite to the core-side surface, in the axial direc-
tion of the rotary shaft.
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